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These 7 volumes of Lecture Notes represent the most-likely- to-be-tested material 
on the current USMLE Step 1 exam. Please note that these are Lecture Notes, not 
review books. The Notes were designed to be accompanied by faculty lectures — 
live, on video, or on the web. Reading them without accessing the accompanying 
lectures is not an effective way to review for the USMLE. 

To maximize the effectiveness of these Notes, annotate them as you listen to lec- 
tures. To facilitate this process, weve created wide, blank margins. While these 
margins are occasionally punctuated by faculty high-yield “margin notes,” they 
are, for the most part, left blank for your notations. 

Many students find that previewing the Notes prior to the lecture is a very effec- 
tive way to prepare f or class. This allows you to anticipate the areas where you’ll 
need to pay particular attention. It also affords you the opportunity to map out 
how the information is going to be presented and what sort of study aids (charts, 
diagrams, etc.) you might want to add. This strategy works regardless of whether 
you’re attending a live lecture or watching one on video or the web. 

Finally, we want to hear what you think. What do you like about the Notes? What 
could be improved? Please share your feedback by e-mailing us at medfeedback@ 
kaplan.com. 

Thank you for joining Kaplan Medical, and best of luck on your Step 1 exam! 
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EPIDEMIOLOGIC MEASURES 

Epidemiology is the study of the distribution and determinants of health -related 
states within a population. 

• Epidemiology sees disease as distributed within a group, not as a property 
of an individual. 

• The tools of epidemiology are numbers. Numbers in epidemiology are 
ratios converted into rates. 

• The denominator is key: who is “at risk” for a particular event or disease 
state. 

• Compare the number of actual cases with the number of potential cases 
to determine the rate. 



Actual cases 
Potential cases 



Numerator 

Denominator 



= RATE 



• Rates are generally, but not always, per 100,000 persons by the Centers 
for Disease Control and Prevention (CDC), but can be per any multi- 
plier. (Vital statistics are usually per 1,000 persons.) 



Incidence and Prevalence 



1. Incidence rate (IR) : the rate at which new events occur in a population. 
The numerator is the number of NEW events that occur in a defined 
period; the denominator is the population at risk of experiencing this 
new event during the same period. 



Incidence rate = 



Number of new events in a specified period 



Number of persons “exposed to risk” of becoming new cases during this period 



xnp 



Remember, IR: 

• Should include only new cases of the disease that occurred during 
the specified period. 

• Should not include cases that occurred or were diagnosed earlier. 

• This is especially important when working with infectious diseases 
such as tuberculosis and malaria. 

Examples: 

a. Over the course of one year, 5 men are diagnosed with prostate can- 
cer, out of a total male study population of 200 (who do not have 
prostate cancer at the beginning of the study period). We would then 
say the incidence of prostate cancer in this population was 0.025 (or 
2,500 per 100,000 men-years of study). 
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b. A population at risk is composed of 100 medical students. Twenty- 
five medical students develop symptoms consistent with acute infec- 
tious diarrhea and are confirmed by laboratory testing to have been 
infected with Campylobacter. If 12 students developed Campylobacter 
in September and 13 developed Campylobacter in October, what is 
the incidence rate of Campylobacter for those 2 months? 

In this case, the numerator is the 25 new cases. 

The denominator (person-time at risk) could be calculated by: 

[(100 students at risk at the beginning of Sept. + 75 students 
at risk at the end of Oct.) / 2 ] x 2 months 
= [(175 / 2) x 2] months 
= 175 person-months of risk 

Since 25 students got Campylobacter in September or October, there 
are 75 students remaining at risk at the end of October. 

The incidence rate would then be: 

(25 new cases) / (175 person-months of risk) = 14% of the students 
are getting Campylobacter each month 

• Attack rate is the cumulative incidence of infection in a group 
of people observed over a period of time during an epidemic, 
usually in relation to food borne illness. It is the number of 
exposed people infected with the disease divided by the total 
number of exposed people. 

It is measured from the beginning of an outbreak to the end of the 
outbreak. It is often referred to as an attack ratio. 

For instance, if there are 70 people taken ill out of 98 in an outbreak, 
the attack rate is 70/98 ~ 0.714 or about 71.4%. 

Consider an outbreak of Norwalk virus in which 18 persons in 18 dif- 
ferent households all became ill. If the population of the community 
was 1,000, then the overall attack rate was 18/ 1,000 x 100% = 1.8%. 

2. Prevalence rate : all persons who experience an event in a population. 
The numerator is ALL individuals who have an attribute or disease at 
a particular point in time (or during a particular period of time); the 
denominator is the population at risk of having the attribute or disease 
at this point in time or midway through the period. 



Prevalence rate - 



All cases of a disease at a given point/period 
Total population “at risk” for being cases at a given point/period 



X 10 11 



Prevalence is the proportion of people in a population who have a particu- 
lar disease at a specified point in time, or over a specified period of time. 

• The numerator includes not only new cases, but also old cases 
(people who remained ill during the specified point or period 
in time). A case is counted in prevalence until death or recovery 
occurs. 

• This makes prevalence different from incidence, which includes 
only new cases in the numerator. 

• Prevalence is most useful for measuring the burden of chronic dis- 
eases such as tuberculosis, malaria and HIV in a population. 



For example, the CDC estimated the prevalence of obesity among 
American adults in 2001 at approximately 20%. Since the number (20%) 
includes ALL cases of obesity in the United States, we are talking about 
prevalence . 

Prevalence is distinct from incidence. Prevalence is a measurement of 
all individuals (new and old) affected by the disease at a particular time, 
whereas incidence is a measurement of the number of new individuals 
who contract a disease during a particular period of time. 

Point vs. Period Prevalence The amount of disease present in a popu- 
lation changes over time. Sometimes, we want to know how much of a 
particular disease is present in a population at a single point in time, 
a sort of snapshot view’. 

a. Point prevalence: For example, we may want to find out the prev- 
alence of Tb in Community A today. To do that, we need to calcu- 
late the point prevalence on a given date. The numerator would 
include all known TB patients who live in Community A that day. 
The denominator would be the population of Community A that 
day. 

Point prevalence is useful in comparing different points in time to help 
determine whether an outbreak is occurring. 

b. Period prevalence: prevalence during a specified period or span of 
time 

c. Focus on chronic conditions 

3. Understanding the relationship between incidence and prevalence 

a. Prevalence = Incidence x Duration (P = I x D) 

b. “Prevalence pot” 

i. Incident cases or new cases are monitored over time. 

ii. New cases join pre-existing cases to make up total preva- 
lence. 

iii. Prevalent cases leave the prevalence pot in one of two 
ways: recovery or death. 



Incident Cases 



General 
Population 
at Risk 



Recovery 



Prevalent 
^ Cases 



Mortality 



Figure 1-1. Prevalence Pot 
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4. Morbidity rate: rate of disease in a population at risk; refers to both 
incident and prevalent cases 

5. Mortality rate: rate of death in a population at risk; refers to incident 
cases only 



Table 1-1. Incidence and Prevalence 



What happens to incidence and prevalence if: 


Incidence 


Prevalence 


New effective treatment is initiated? 


N 


i 


New effective vaccine gains widespread use? 


l 


i 


Number of persons dying from the condition 
increases? 


N 


i 


Additional Federal research dollars are targeted 
to a specific condition? 


N 


N 


Behavioral risk factors are reduced in the 
population at large? 


i 


i 


Contacts between infected persons and 
noninfected persons are reduced: 


i 


i 


For airborne infectious disease? 


For noninfectious disease? 


N 


N 


Recovery from the disease is more rapid than it 
was 1 year ago? 


N 


i 


Long-term survival rates for the disease are 
increasing? 


N 


t 



N = no cha nge; i = decrease; T = increase 
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Lung Cancer Cases in a Cohort of Heavy Smokers 
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Figure 1-2. Calculating Incidence and Prevalence 



Crude, Specific, and Standardized Rates 

1 . Crude rate : actual measured rate for whole population 

2. Specific rate : actual measured rate for subgroup of population, e.g., 
“age-specific” or “sex-specific” rate. A crude rate can be expressed as a 
weighted sum of age-specifi c rates. Each component of that sum has the 
following form: 



(proportion of the population in the specified age group) x (age-specific rate) 



3. Standardized rate (or adjusted rate) : adjusted to make groups equal on 
some factor, e.g., age; an “as if” statistic for comparing groups. The stan- 
dardized rate adjusts or removes any difference between two populations 
based on the standardized variable. This allows an “uncontaminated” or 
unconfounded comparison. 
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Table 1-2. Types of Mortality Rates 



Crude mortality rate Deaths 

Population 



Cause-specific mortality rate 


Deaths from cause 




Population 


Case-fatality rate 


Deaths from cause 




Number of persons with the disease/cause 


Proportionate mortality rate (PMR) 


Deaths from cause 




All deaths 



Practice Question 

1 . Why does Population A have a higher crude rate of disease compared with 
Population C? (Hint: Look at the age distribution.) 



Table 1-3. Disease Rates Positively Correlated with Age 





Population A 
Cases Population 


Population B 
Cases Population 


Population C 
Cases Population 


Younger 


1 


1,000 


2 


2,000 


3 


3,000 


Intermediate 


4 


2,000 


4 


2,000 


4 


2,000 


Older 


9 


3,000 


6 


2,000 


3 


1,000 


Total 


14 


6,000 


12 


6,000 


10 


6,000 


Crude Rates 


2.3 




2.0 




1.6 





per 1,000 
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UNDERSTANDING SCREENING TESTS 



Table 1-4. Screening Results in a 2 x 2 Table 



Disease 

Present Absent Totals 



Screening Test Results Positive 


TP 


6 o 


FP 


70 


TP+FP 


Negative 


FN 

l • 


40 


TN 


30 

i 


TN+FN 


Totals 


TP+FN 




TN+FP 




TP+TN+FP+FN 



TP=true positives; TN=true negatives; FP=false positives; FN=false negatives 



Pre-test Probabilities 

Sensitivity and specificity are measures of the performance of different tests 
(and in some cases physical findings and symptoms). Why do we need them? We 
cant always use the gold-standard test to diagnose or exclude a disease so we usu- 
ally start off with the use imperfect tests that are cheaper and easier to use. Think 
about what would happen if you called the cardiology fellow to do a cardiac cath- 
eterization (the gold standard test to diagnose acute myocardial ischemia) on a 
patient without having an EKG. 

But these tests have their limitations. Thats what sensitivity and specificity mea- 
sures: the limitations and deficiencies of our every-day tests. 

a. Sensitivity : the probability of correctly identifying a case of dis- 
ease. Sensitivity is the proportion of truly diseased persons in the 
screened population who are identified as diseased by the screening 
test. This is also known as the “true positive rate.” 

Sensitivity = TP/ (TP + FN) 

= true positives/(true positives + false negatives) 

i. Measures only the distribution of persons with disease 

ii. Uses data from the left column of the 2x2 table (Table 1-4) 

iii. Note: 1 -sensitivity = false negative rate 

If a test has a high sensitivity then a negative result would indicate the 
absence of the disease. Take for example temporal arteritis (TA), a large 
vessel vasculitis involving predominantly branches of the external carotid 
artery which occurs in patients age >50, has elevated ESR in every case. 
So, 100% of patients with TA have elevated ESR. The sensitivity of an ab- 
normal ESR for TA is 100%. If a patient you suspect of having TA has a 
normal ESR, then the patient does not have TA. 

Mnemonic for the clinical use of sensitivity: SN-N-OUT (sensitive test- 
negative-rules out disease) 

b. Specificity : the probability of correctly identifying disease-free per- 
sons. Specificity is the proportion of truly nondiseased persons 
who are identified as nondiseased by the screening test. This is also 
known as the “true negative rate.” 
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Specificity = TN/(TN + FP) 

= true negatives/(true negatives + false positives) 

i. Measures only the distribution of persons who are disease-free 

ii. Uses data from the right column of the 2x2 table 

iii. Note: 1 -specificity = false positive rate 

If a test has a high specificity then a positive result would indicate 
the existence of the disease. Example: CT angiogram has a very high 
specificity for pulmonary embolism (97%). A CT scan read as positive 
for pulmonary embolism is likely true. 

Mnemonic for the clinical use of specificity: SP-I-N (specific test- 
positive-rules m disease) 

Remember SNOUT and SPIN! 

For any test, there is usually a trade-off between the two. This trade- 
off can be represented graphically as the screening dimension curves 
(figure 1-3) and ROC curves (figure 1-4). 

Post-test Probabilities 

a. Positive predictive value : the probability of disease in a person who 
receives a positive test result. The probability that a person with a 
positive test is a true positive, (i.e., has the disease) is referred to as 
the “predictive value of a positive test.” 

Positive predictive value = TP/(TP + FP) 

= true positives/ 

(true positives + false positives) 

i. Measures only the distribution of persons who receive a posi- 
tive test result 

ii. Uses data from the top row of the 2x2 table 

b. Neg ative predictive value : the probability of no disease in a person 
who receives a negative test result. The probability that a person with 
a negative test is a true negative (i.e., does not have the disease) is 
referred to as the “predictive value of a negative test.” 

Negative predictive value = TN/(TN + FN) 

= true negatives/ 

(true negatives + false negatives) 

i. Measures only the distribution of persons who receive a nega- 
tive test result 

ii. Uses data from the bottom row of the 2x2 table 

c. Accurac y: total percentage correctly selected; the degree to which a 
measurement, or an estimate based on measurements, represents the 
true value of the attribute that is being measured. 

Accuracy - (TP + TN)/(TP + TN + FP + FN) 

= (true positives + true negatives)/total screened patients 
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Practice Questions 



1 . What is the effect of increased incidence on sensitivity? On positive pre- 
dictive value? 

(None; screening does not assess incidence.) 

2. What is the effect of increased prevalence on sensitivity? On positive 
predictive value? 

(Sensitivity stays the same, positive predictive value increases.) 



A 

i 



B 



D 




Figure 1-3. Healthy and Diseased Populations 
Along a Screening Dimension 



L Which cutoff point provides optimal sensitivity? (B) Specificity? (D) 
Accuracy? (C) Positive predictive value? (D) 

2 . Note: point of optimum sensitivty = point of optimum negative predictive 
valuepoint of optimum specificity = point of optimum positive predic- 
tive value 




1 - Specificity (False Positive Rate) 

Figure 1-4. Receiver Operating Characteristic (ROC) Curves 

Practice Question 

1. Which curve indicates the best screening test? 
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STUDY DESIGNS 

Bias in Research: Deviation from the Truth of Inferred 
Results 

1. Reliabili ty: ability of a test to measure something consistently, either 
across testing situations (test-retest reliability), within a test (split-half 
reliability), or across judges (inter- rater reliability). Think of the cluster- 
ing of rifle shots at a target. (Precision) 

2. Validity : degree to which a test measures that which was intended. 
Think of a marksman hitting the bull’s-eye. Reliability is a necessary, but 
insufficient, condition for validity. (Accuracy) 

Types of bias 

1. Selection bias (sampling bias): the sample selected is not representa- 
tive of the population. Examples: 

a. Predicting rates of heart disease by gathering subjects from a local 
health club 

b. Berkson bias: using only hospital records to estimate population 
prevalence 

c. Nonrespondent bias: people included in a study are different from 
those who are not 

d. Solution: random, independent sample; weight data 

2. Measurement bias : information is gathered in a manner that distorts 
the information. Examples: 

a. Measuring patients’ satisfaction with their respective physicians by 
using leading questions, e.g., “You don’t like your doctor, do you?” 

b. Hawthorne effect: subjects’ behavior is altered because they are be- 
ing studied. Only a factor when there is no control group in a pro- 
spective study 

c. Solution: have a control group 

3. Experimenter expectancy (Pygmalion effect): experimenter’s expecta- 
tions inadvertently communicated to subjects, who then produce the 
desired effects. Solution: double-blind design, where neither the subject 
nor the investigators who have contact with them know which group re- 
ceives the intervention under study and which group is the control 

4. Lead-time bias : gives a false estimate of survival rates. Example: Pa- 
tients seem to live longer with the disease after it is uncovered by a 
screening test. Actually, there is no increased survival, but because the 
disease is discovered sooner, patients who are diagnosed seem to live 
longer. Solution: use life-expectancy to assess benefit 
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Unscreened 



Screened, 
early treatment 
not effective 

Screened, 
early treatment 
is effective 
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t 



Figure 1-5. Diagnosis, Time, and Survival 



5. Recall bias : subjects fail to accurately recall events in the past. Exam- 
ple: “How many times last year did you kiss your mother?” Likely prob- 
lem in retrospective studies. Solution: confirmation 

6. Late-look bias : individuals with severe disease are less likely to be un- 
covered in a survey because they die first. Example: a recent survey 
found that persons with AIDS reported only mild symptoms. Solution: 
stratify by disease severity 

7. Confounding bias : factor being examined is related to other factors 
of less interest. Unanticipated factors obscure a relationship or make it 
seem like there is one when there is not. More than one explanation can 
be found for the presented results. Example: comparing the relationship 
between exercise and heart disease in two populations when one popu- 
lation is younger and the other is older. Are differences in heart disease 
due to exercise or to age? Solution: combine the results from multiple 
studies, meta- analysis 

8. Design bias: parts of the study do not fit together to answer the ques- 
tion of interest. Most common issue is non- comparable control group. 
Example comparing the effects of an anti- hypertensive drug in hyper- 
tensives versus normotensives. Solution: random assignment. Subjects 
assigned to treatment or control group by a random process. 
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Table 1-5. Type of Bias in Research and Important Associations 



Type of Bias 


Definition 


Important Associations 


Solutions 


Selection 


Sample not representative 


Berkson’s bias, 
nonrespondent bias 


Random, independent sample 


Measurement 


Gathering the information distorts it 


Hawthorne effect 


Control group/placebo group 


Experimenter expectancy 


Researcher’s beliefs affect outcome 


Pygmalion effect 


Double-blind design 


Lead-time 


Early detection confused with increased 
survival 


Benefits of screening 


Measure “back-end” survival 


Recall 


Subjects cannot remember accurately 


Retrospective studies 


Multiple sources to confirm 
information 


Late-look 


Severely diseased individuals are not 
uncovered 


Early mortality 


Stratify by severity 


Confounding 


Unanticipated factors 
obscure results 


Hidden factors affect results 


Multiple studies, 
good research design 


Design 


Parts of study do not fit together 


Non-comparable control group 


Random assignment 



Note 

• Random error is unfortunate but 
okay and expected (a threat to 
reliability). 

• Systematic error is bad and biases 
result (a threat to validity). 



Types of Research Studies: Observational Versus 
ClinicalTrials 

Observational studies: nature is allowed to take its course, no intervention 

1. Case report: brief, objective report of a clinical characteristic or out- 
come from a single clinical subject or event, n = 1. E.g., 23-year-old 
man with treatment-resistant TB. No control group 

2. Case series report: objective report of a clinical characteristic or out- 
come from a group of clinical subjects, n >1. E.g., patients at local hos- 
pital with treatment-resistant TB. No control group 

3. Cross-sectional study: the presence or absence of disease and other 
variables are determined in each member of the study population or 
in a representative sample at a particular time. The co-occurrence of a 
variable and the disease can be examined. 

a. Disease prevalence rather than incidence is recorded. 

b. The temporal sequence of cause and effect cannot usually be de- 
termined in a cross-sectional study 

c. Example: who in the community now has treatment-resistant TB 

4. Case-control study: identifies a group of people with the disease and 
compares them with a suitable comparison group without the dis- 
ease. Almost always retrospective. E.g., comparing cases of treatment- 
resistant TB with cases of nonresistant TB 

a. Cannot assess incidence or prevalence of disease 

b. Can help determine causal relationships 

c. Very useful for studying conditions with very low incidence or 
prevalence 

5. Cohort study: population group of those who have been exposed to 
risk factor is identified and followed over time and compared with a 
group not exposed to the risk factor. Outcome is disease incidence in 
each group, e.g., following a prison inmate population and marking the 
development of treatment-resistant TB. 
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a. Prospective; subjects tracked forward in time 

b. Can determine incidence and causal relationships 

c. Must follow population long enough for incidence to appear 
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Cross- 

Sectional 



Case-Control 


Cohort 







Figure 1-6. Differentiating Study Types by Time 



Analyzing observational studies 

1. For cross-sectional studies: use chi-square (x 1 ) 

2. For cohort studies: use relative risk and/or attributable risk 

• Relative risk (RR) : comparative probability asking “How much more 
likely?” 

a. Incidence rate of exposed group divided by the incidence rate of 
the unexposed group 

b. How much greater chance does one group have of contracting the 
disease compared with the other group? 

c. E.g., if infant mortality rate in whites is 8.9 per 1,000 live births and 
18.0 in blacks per 1,000 live births, then the relative risk of blacks 
versus whites is 18.0 divided by 8.9 = 2.02. Compared with whites, 
black infants are twice as likely to die in the first year of life. 

d. For statistical analysis, yields a p-value 

• Attributable risk (AR) : comparative probability asking “How many 
more cases in one group?” 

a. Incidence rate of exposed group minus the incidence rate of the 
unexposed group 

b. Using the same example, attributable risk is equal to 18.0 minus 
8.9 = 9.1. Of every 1,000 black infants, there were 9.1 more deaths 
than were observed in 1,000 white infants. In this case attributable 
risk gives the excess mortality. 

c. Note that both relative risk and attributable risk tell us if there are 
differences, but do not tell us why those differences exist. 

d. Number Need to Treat (NNT) = Inverse of attributable risk (if 
looking at treatment) 

How many people do you have to do something to stop one case 
you otherwise would have had? 

Note that the Number Needed to Harm (NNH) is computed the 
same way. For NNH, inverse of attributable risk, where compari- 
son focuses on exposure. 

NNH = Inverse of attributable risk (if looking at exposure) 

• 18/1,000-8/1,000= 10/1,000 = AR 

• Inverse of 10/1,000 = 100 = NNT or NNH 

• Interpretations: for every 100 people treated, 1 case will be 
prevented 



Cohort Study 
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No Disease 
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No Risk 
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60 C 


540 D 
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3. For case-control studies: use odds ratio (OR) 

• Odds ratio : looks at the increased odds of getting a disease with ex- 
posure to a risk factor versus nonexposure to that factor 

a. Odds of exposure for cases divided by odds of exposure for 
controls 

b. The odds that a person with lung cancer was a smoker versus the 
odds that a person without lung cancer was a smoker 



Table 1-6. Case-Control Study: Lung Cancer and Smoking 





Lung Cancer 


No Lung Cancer 


Smokers 


659 


(A) 


984 


(B) 


Nonsmokers 


25 


(0 


348 


(D) 



c. 



Odds ratio = 



A/C 

B/D 



AD 

BC 



d. Use OR = AD/BC as working formula 

e. For the above example: 



OR = 



AD 

BC 



659 x 348 
984 x 25 



9.32 



f. Interpretation: the odds of having been a smoker are more than 
nine times greater for someone with lung cancer compared with 
someone without lung cancer. 



g. Odds ratio does not so much predict disease as estimate the 
strength of a risk factor. 



Practice Question 

How would you analyze the data from this case-control study? 



Table 1-7. Case-Control Study: Colorectal Cancer and Family History Practice 





No Colorectal 


Colorectal 






Cancer 


Cancer 


TOTALS 


Family History of 
Colorectal Cancer 


120 


60 


180 


No Family History of 
Colorectal Cancer 


200 


20 


220 


TOTALS 


320 


80 


400 


ANSWER: 


AD 


(60)(200) 


OR = 5.0 


BC 


(120) (20) 







Interpretation: this means that the odds of having a family history of colorectal 
cancer are five times greater for those who have the disease than for those who 
do not. 
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Table 1-8. Differentiating Observational Studies 



Characteristic 


Cross-Sectional Studies 


Case-Control Studies 


Cohort Studies 


Time 


One time point 


Retrospective 


Prospective 


Incidence 


NO 


NO 


YES 


Prevalence 


YES 


NO 


NO 


Causality 


NO 


YES 


YES 


Role of disease 


Prevalence of disease 


Begin with disease 


End with disease 


Assesses 


Association of risk factor and 
disease 


Many risk factors for 
single disease 


Single risk factor affecting 
many diseases 


Data analysis 


Chi-square to assess 
association 


Odds ratio to estimate risk 


Relative risk to estimate risk 



Clinical trials (intervention studies): research that involves the 
administration of a test regimen to evaluate its safety and efficacy 

1. Control group: subjects who do not receive the intervention under 
study; used as a source of comparison to be certain that the experiment 
group is being affected by the intervention and not by other factors. 
In clinical trials, this is most often a placebo group. Note that control 
group subjects must be as similar as possible to intervention group 
subjects. 

2. For Food and Drug Administration (FDA) approval, three phases of 
clinical trials must be passed. 

a. Phase One: testing safety in healthy volunteers 

b. Phase Two: testing protocol and dose levels in a small group of pa- 
tient volunteers 

c. Phase Three: testing efficacy and occurrence of side effects in a 
larger group of patient volunteers. Phase III is considered the de- 
finitive test. 

d. Post-marketing Survey: collecting reports of drug side-effects 
when out in common usage (post- FDA approval) 

3. Randomized controlled clinical trial (RCT) 

a. Subjects in the study are randomly allocated into “intervention” 
and “control” groups to receive or not receive an experimental 
preventive or therapeutic procedure or intervention. 

b. Generally regarded as the most scientifically rigorous studies 
available in epidemiology 

c. Double-blind RCT is the type of study least subject to bias, but 
also the most expensive to conduct. Double-blind means that nei- 
ther subjects nor researchers who have contact with them know 
whether the subjects are in the treatment or comparison group. 

• Two types of control groups 

- Placebos 

* Often 25 to 40% of patients show improvement in placebo group 

- Standard of care 

* Current treatment versus new treatment 
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4 . Community trial: experiment in which the unit of allocation to receive a 
preventive or therapeutic regimen is an entire community or political 
subdivision. Does the treatment work in real-world circumstances? 

5. Cross-over study: for ethical reasons, no group involved can remain 
untreated. All subjects receive intervention, but at different times. 
Also makes recruitment of subjects easier. 

Example: AZT trials. Assume double-blind design. Group A receives AZT 
for 3 months, Group B is control. For second 3 months, Group B receives 
AZT and Group A is control. 



+ 



+ 




0 




0 



Figure 1-7. Cross-Over Study 
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KEY PROBABILITY RULES 

Independence: across Multiple Events 

a. Combine probabilities for independent events by multiplication 

i. Events are independent if the occurrence of one tells 
you nothing about the occurrence of another. The issue 
here is the intersection of two sets. 

ii. E.g., if the chance of having blond hair is 0.3 and the 
chance of having a cold is 0.2, the chance of meeting 
a blond-haired person with a cold is: 0.3 x 0.2 = 0.06 
(or 6%) 

b. If events are nonindependent 

i. Multiply the probability of one event by the probability 
of the second, assuming that the first has occurred. 

ii. E.g., if a box has 5 white balls and 5 black balls, the chance 
of picking 2 black balls is: (5/10) x (4/9) = 0.5 x 0.44 = 
0.22 (or 22%) 

Mutually Exclusive: within a Single Event 

a. Combine probabilities for mutually exclusive events by addition 

i. Mutually exclusive means that the occurrence of one 
event precludes the occurrence of the other. The issue 
here is the union of two sets. 

ii. E.g., if a coin lands on heads, it cannot be tails; the two 
are mutually exclusive. If a coin is flipped, the chance 
that it will be either heads or tails is: 0.5 + 0.5 = 1.0 
(or 100%) 

b. If two events are not mutually exclusive 

i. The combination of probabilities is accomplished by 
adding the two together and subtracting out the multi- 
plied probabilities. 

ii. E.g., if the chance of having diabetes is 10% and the 
chance of being obese is 30%, the chance of meeting 
someone who is obese or has diabetes or both is: 0.1 + 
0.3 - (0.1 x 0.3) = 0.37 (or 37%) 
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Mutually Exclusive 




Nonmutually Exclusive 


A B 




CD 

< 



Figure 2-1. Venn Diagram Representations of Mutually Exclusive and 

Nonmutually Exclusive Events 



Practice Questions 

1. If the prevalence of diabetes is 10%, what is the chance that 3 people selected at 
random from the population will all have diabetes? (0.1 x 0.1 x 0.1 = 0.001) 

2. Chicago has a population of 10,000,000. If 25% of the population is Latino, 
30% is African American, 5% is Arab American, and 40% is of European 
extraction, how many people in Chicago are classified as other than of Euro- 
pean extraction? (25% + 30% + 5% = 60%. 60% x 10,000,000 = 6,000,000) 

3. At age 65, the probability of surviving for the next 5 years is 0.8 for a white 
man and 0.9 for a white woman. For a married couple who are both white and 
age 65, the probability that the wife will be a living widow 5 years later is: 

(A) 90% 

(B) 72% 

(C) 18% 

(D) 10% 

(E) 8% 

Answer: C. This question asks for the joint probability of independent events; 
therefore, the probabilities are multiplied. Chance of the wife being alive: 90%. 
Chance of the husband being dead: 100% - 80% = 20%. Therefore, 0.9 x 0.2 = 18%. 

4. If the chance of surviving for 1 year after being diagnosed with prostate cancer 
is 80% and the chance of surviving for 2 years after diagnosis is 60%, what 
is the chance of surviving for 2 years after diagnosis, given that the patient is 
alive at the end of the first year? 

(A) 20% 

(B) 48% 

(C) 60% 

(D) 75% 

(E) 80% 

Answer: D. The question tests knowledge of “conditional probability.” Out of 100 pa- 
tients, 80 are alive at the end of 1 year and 60 at the end of 2 years. The 60 patients alive 
after 2 years are a subset of those that make it to the first year. Therefore, 60/80 = 75%. 
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Distributions 

Statistics deals with the world as distributions. These distributions are sum- 
marized by a central tendency and variation around that center. The 
most important distribution is the normal or Gaussian curve. This “bell- 
shaped” curve is symmetric, with one side the mirror image of the other. 




Figure 2-2. Measures of Central Tendency 



Central tendency 

a. Central tendency is a general term for several characteristics of the 
distribution of a set of values or measurements around a value at or 

near the middle of the set. 

• Mean (X) (a synonym for average): the sum of the values of 
the observations divided by the numbers of observations 

• Median (Md): the simplest division of a set of measurements is into 
two parts — the upper half and lower half. The point on the scale 
that divides the group in this way is the median. The measurement 
below which half the observations fall: the 50th percentile 

• Mode: the most frequently occurring value in a set of observations 
Given the distribution of numbers: 3, 6, 7, 7, 9, 10, 12, 15, 16 

Ihe mode i s 7 , the median is 9 , the mean is 9.4 

• Skewed curves: not all curves are normal. Sometimes the curve is 
skewed either positively or negatively. A positive skew has the tail 
to the right and the mean greater than the median. A negative 
skew has the tail to the left: and the median greater than the mean. 
For skewed distributions, the median is a better representation of 
central tendency than is the mean. 
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Figure 2-3. Skewed Distribution Curves 



Measures of variability 

The simplest measure of variability is the range, the difference between the 
highest and the lowest score. But the range is unstable and changes eas- 
ily. A more stable and more useful measure of dispersion is the standard 
deviation. 

a. To calculate the standard deviation, we first subtract the mean 
from each score to obtain deviations from the mean. This will 
give us both positive and negative values. But squaring the devia- 
tions, the next step, makes them all positive. The squared devia- 
tions are added together and divided by the number of cases. The 
square root is taken of this average, and the result is the standard 
deviation (S or SD). 



v(X-X ) 2 
n — 1 



The square of the standard deviation (s 2 ) equals the variance. 
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Figure 2-4. Comparison of 2 Normal Curves with the Same Means, 

but Different Standard Deviations 




Figure 2-5. Comparison of 3 Normal Curves with the Same 
Standard Deviations, but Different Means 



b. You will not be asked to calculate a standard deviation or variance 
on the exam, but you do need to know what they are and how 
they relate to the normal curve. In ANY normal curve, a constant 
proportion of the cases fall within one, two, and three standard 
deviations of the mean. 

i. Within one standard deviation: 68% 

ii. Within two standard deviations: 95.5% 

iii. Within three standard deviations: 99.7% 
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Figure 2-6. Percentage of Cases within 1 , 2, and 3 Standard 
Deviations of the Mean in a Normal Distribution 



Know the constants presented in Figure 2-6 and be able to combine the given 

constants to answer simple questions. 

Practice Questions 

1 . In a normal distribution curve, what percent of the cases are below 2s below 
the mean? (2.5%) 

2. In a normal distribution curve, what percent of the cases are above Is below 
the mean? (84%) 

3. A student who scores at the 97.5 percentile falls where on the curve? (2s above 
the mean) 

4. A student took two tests: 





Score 


Mean 


Standard Deviation 


Test A 


45% 


30% 


5% 


Test B 


60% 


40% 


10% 



On which test did the student do better, relative to his classmates? (On Test A, 
she scored 3s above the mean versus only 2s above the mean for Test B.) 
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INFERENTIAL STATISTICS: GENERALIZATIONS FROM A 
SAMPLE TO THE POPULATION AS A WHOLE 

The purpose of inferential statistics is to designate how likely it is that a given 
finding is simply the result of chance. Inferential statistics would not be neces- 
sary if investigators studied all members of a population. However, because we 
can rarely observe and study entire populations, we try to select samples that are 
representative of the entire population so that we can generalize the results from 
the sample to the population. 



Confidence Intervals 

Confidence intervals are a way of admitting that any measurement from a 
sample is only an estimate of the population. Although the estimate given 
from the sample is likely to be close, the true values for the population 
may be above or below the sample values. A confidence interval speci- 
fies how far above or below a sample-based value the population value 
lies within a given range, f rom a possible high to a possible low. Reality, 
therefore, is most likely to be somewhere within the specified range. 

Practice Questions 

1. Assuming the graph (Figure 2-7) presents 95% confidence intervals, 
which groups, if any, are statistically different from each other? 




Answer: When comparing two groups, any overlap of confidence inter- 
vals means the groups are not significantly different. Therefore, if the 
graph represents 95% confidence intervals, Drugs B and C are no dif- 
ferent in their effects; Drug B is no different from Drug A; Drug A has a 
better effect than Drug C. 
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Confidence intervals for relative risk and odds ratios 

If the given confidence interval contains 1.0, then there is no statisti- 
cally significant effect of exposure. 

Example: 



Relative Risk Confidence Interval Interpretation 



1.77 (1.22 - 2.45) Statistically significant (increased risk) 

1.63 (0.85 - 2.46) NOT statistically significant (risk is the same) 

0.78 (0.56 - 0.94) Statistically significant (decreased risk) 



• If RR > 1.0, then subtract 1.0 and read as percent increase. So 1.77 means 
one group has 77% more cases than the other. 

• If RR < 1.0, then subtract from 1.0 and read as reduction in risk. So 0.78 
means one group has a 22% reduction in risk. 



Understanding Statistical Inference 

The goal of science is to define reality. Think about statistics as the referee in the game 
of science. We have all agreed to play the game according to the judgment calls of the 
referee, even though we know the referee can and will be wrong sometimes. 

Basic steps of statistical inference 

a. Define the research question: what are you trying to show? 

b. Defi ne the null hypothesis, generally the opposite of what you hope 
to show 

i. Null hypothesis says that the findings are the result of 
chance or random factors. If you want to show that a 
drug works, the null hypothesis will be that the drug does 
NOT work. 

ii. Alternative hypothesis says what is left after defining the 
null hypothesis. In this example, that the drug does actu- 
ally work. 

c. Two types of null hypotheses 

i. One-tailed, i.e., directional or “one-sided,” such that one 
group is either greater than, or less than, the other. E.g., 
Group A is not < than Group B, or Group A is not > 
Group B 

ii. Two-tailed, i.e., nondirectional or “two-sided,” such that 
two groups are not the same. E.g., Group A = Group B 



Hypothesis testing 

At this point, data are collected and analyzed by the appropriate statistical 
test. How to run these tests is not tested on USMLE, but you may need to 
be able to interpret results of statistical tests with which you are presented. 

a. p- value: to interpret output from a statistical test, focus on the 
p-value. The term p-value refers to two things. In its first sense, 
the p-value is a standard against which we compare our results. 
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In the second sense, the p-value is a result of computation. 

i. The computed p-value is compared with the p-value 
criterion to test statistical significance. If the computed 
value is less than the criterion, we have achieved statistical 
significance. In general, the smaller the p the better. 

ii. The p-value criterion is traditionally set at p < 0.05. 
(Assume that these are the criteria if no other value is 
explicitly specified.) Using this standard: 

• If p < 0.05, reject the null hypothesis (reached statistical 
significance) 

•Ifp > 0.05, do not reject the null hypothesis (has not 
reached statistical significance). 



Note 

We never accept the null hypothesis. 
We either reject it or fail to reject it. 
Saying we do not have sufficient 
evidence to reject it is not the same as 
being able to affirm that it is true. 



Possible 

Outcome 

#2 



p = 0.13 (computed p value) 

Do NOT Reject Null Hypothesis 
/. Risk of type II, (3 error 



p ^ 0.05 

(a-criterion) 



Possible 

Outcome 

#1 



p = 0.02 (computed p value) 
Reject Null Hypothesis 
/. Risk of type I, a error 



Figure 2-8. Making Decisions Using p-Values 



• Ifp = 0.02, reject the null hypothesis, i.e., decide that the 
drug works 

• If p = 0.13, fail to reject the null hypothesis, i.e., decide 
that the drug does not work 



Types of errors 

Just because we reject the null hypothesis, we are not certain that 
we are correct. For some reason, the results given by the sample 
may be inconsistent with the full population. If this is true, any 
decision we make on the basis of the sample could be in error. 
There are two possible types of errors that we could make: 

i. Type I error (a error): rejecting the null hypothesis 
when it is really true, i.e., assuming a statistically sig- 
nificant effect on the basis of the sample when there 
is none in the population, e.g., asserting that the drug 
works when it doesn’t. The chance of type I error is 
given by the p-value. If p = 0.05, then the chance of a 
type I error is 5 in 100, or 1 in 20. 

ii. Type II error ((3 error): failing to reject the null 
hypothesis when it is really false, i.e., declaring no 
significant effect on the basis of the sample when there 
really is one in the population, e.g., asserting the drug 
does not work when it really does. The chance of a type 
II error cannot be directly estimated from the p-value. 



Note 

• If the null hypothesis is rejected, 
there is no chance of a type II error. 

If the null hypothesis is not rejected, 
there is no chance of a type I error. 

• Type I error (error of com m ission) 
is generally considered worse than 
type II error (error of omission). 
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Meaning of the p-value 

i. Provides criterion for making decisions about the null 
hypothesis 

ii. Quantifies the chances that a decision to reject the null 
hypothesis will be wrong 

iii. Tells statistical significance, not clinical significance or 
likelihood of benefit 

iv. Limits to the p-value: the p-value does NOT tell us 

- The chance that an individual patient will benefit 

- The percentage of patients who will benefit 

- The degree of benefit expected for a given patient 

Statistical power 

i. In statistics, power is the capacity to detect a difference if 
there is one. 

ii. Just as increasing the power of a microscope makes it 
easier to see what is going on in histology, increasing 
statistical power allows us to detect what is happening in 
the data. 

iii. Power is directly related to type II error: 1 - (3 = Power 

iv. There are a number of ways to increase statistical power. 
The most common is to increase the sample size. 



Reality 




Drug Works 


Drug Does 
Not Work 


Reject 


Power 


Type I Error 


Kesearcn 






Not Reject 


Type II Error 





NOMINAL, ORDINAL, INTERVAL, AND RATIO SCALES 

To convert the world into numbers, we use 4 types of scales. Focus on nominal 
and interval scales for the exam. 



Table 2-1. Types of Scales in Statistics 



Type of Scale 


Description 


Keywords 


Examples 


Nominal (Categorical) 


Different groups 


This or that or that 


Gender, comparing among 
treatment interventions 


Ordinal 


Groups in sequence 


Comparative quality, 
rank order 


Olympic medals, class rank in 
medical school 


Interval 


Exact differences 
among groups 


Quantity, mean, and 
standard deviation 


Height, weight, blood pressure, 
drug dosage 


Ratio 


Interval + true zero point 


Zero means zero 


Temperature measured in 
degrees Kelvin 
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Nominal or Categorical Scale 



Note 



A nominal scale puts people into boxes, without specifying the relation- 
ship between the boxes. Gender is a common example of a nominal 
scale with two groups, male and female. Anytime you can say, “It’s either 
this or that,” you are dealing with a nominal scale. Other examples: cit- 
ies, drug versus control group. 



The scales are hierarchically arranged 
from least information provided 
(nominal) to most information provided 
(ratio). Any scale can be degraded to a 
lower scale, e.g., interval data can be 
treated as ordinal. 



Ordinal Scale 

Numbers can also be used to express ordinal or rank order relations. For 
example, we say Ben is taller than Fred. Now we know more than just the 
category in which to place someone. We know something about the rela- 
tionship between the categories (quality). What we do not know is how 
different the two categories are (quantity). Class rank in medical school 
and medals at the Olympics are examples of ordinal scales. 



For the USMLE, concentrate on 
identifying nominal and interval scales. 



Interval Scale 

Uses a scale graded in equal increments. In the scale of length, we know 
that one inch is equal to any other inch. Interval scales allow us to say 
not only that two things are different, but also by how much. If a mea- 
surement has a mean and a standard deviation, treat it as an interval 
scale. It is sometimes called a “numeric scale.” 



Ratio Scale 

The best measure is the ratio scale. This scale orders things and contains 
equal intervals, like the previous two scales. But it also has one addi- 
tional quality: a true zero point. In a ratio scale, zero is a floor, you cant 
go any lower. Measuring temperature using the Kelvin scale yields ratio 
scale measurement. 



STATISTICAL TESTS 



Table 2-2. Types of Scales and Basic Statistical Tests 



Variables 


Name of Statistical Test 


Interval 


Nominal 


Comment 


Pearson Correlation 


2 


0 


Is there a linear relationship? 


Chi-square 


0 


2 


Any # of groups 


t - test 


1 


1 


2 groups only 


One-way ANOVA 


1 


1 


2 or more groups 


Matched pairs t - test 


1 


1 


2 groups, linked data pairs, before and after 


Repeated measures ANOVA 


1 


1 


More than 2 groups, linked data 



ANOVA = Analysis of Variance 
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Note 

Remember, your default choices are: 

• Correlation for interval data 

• Ch/'-square for nominal data 

• t- test for a combination of nominal 
and interval data 



Note 

You will not be asked to compute any of 
these statistical tests. Only recognize 
what they are and when they should be 
used. 



Correlation Analysis (r, ranges from -1.0 to +1.0) 

a. A positive value means that two variables go together in the 
same direction, e.g., MCAT scores have a positive correlation 
with medical school grades. 

b. A negative value means that the presence of one variable is asso- 
ciated with the absence of another variable, e.g., there is a nega- 
tive correlation between age and quickness of reflexes. 

c. dhe further from 0, the stronger the relationship (r = 0) 

d. A zero correlation means that two variables have no linear rela- 
tion to one another, e.g., height and success in medical school. 

e. Graphing correlations using scatterplots 

i. Scatterplot will show points that approximate a line. 

ii. Be able to interpret scatterplots of data: positive slope, 
negative slope, and which of a set of scatterplots indi- 
cates a stronger correlation. 



Strong, Positive Weak, Positive Strong, Negative Weak, Negative Zero 

Correlation Correlation Correlation Correlation Correlation (r = 0) 




Figure 2-9. Scatterplots and Correlations 



f. NOTE: Correlation, by itself, does not mean causation. 

A correlation coefficient indicates the degree to which two mea- 
sures are related, not why they are related. It does not mean that 
one variable necessarily causes the other. There are two types of 
correlations. 

g. Types of correlations 

i. Pearson correlation: compares two interval level variables 

ii. Spearman correlation: compares two ordinal level 
variables 

Mests 

a. Output of a f-test is a “f” statistic 

b. Comparing the means of two groups from a single nominal 
variable, using means from an interval variable to see whether the 
groups are different 

c. Used for two groups only, i.e., compares two means. E.g., do pa- 
tients with MI who are in psychotherapy have a reduced length of 
convalescence compared with those who are not in therapy? 

d. “Pooled f-test” is regular t- test, assuming the variances of the two 
groups are the same 
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e. Matched pairs f-test: each person in one group is matched with 
a person in the second. Applies to before and after measures and 
linked data 




Analysis of Variance (ANOVA) 

a. Output from an ANOVA is one or more “F” statistics 

b. One-way: compares means of many groups (two or more) of a 
single nominal variable using an interval variable. Significant p- 
value means that at least two of the tested groups are different. 

c. Two-way: compares means of groups generated by two nomi- 
nal variables using an interval variable. Can test effects of several 
variables at the same time. 

d. Repeated measures ANOVA: multiple measurements of same 
people over time 

Chi- square 

a. Nominal data only 

b. Any number of groups (2X2, 2X3, 3X3, etc.) 

c. Tests to see whether two nominal variables are independent, e.g., 
testing the efficacy of a new drug by comparing the number of 
recovered patients given the drug with those who are not 



Table 2-3. CAASquare Analysis for Nominal Data 








New Drug 


Placebo 


Totals 


Recovered 


45 


35 


80 


Not Recovered 


15 


25 


40 


Totals 


60 


60 


120 





